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[57) | ABSTRACT

The breakdown voltage of a VDMOS transistor is
markedly increased without depressing other electrical
characteristics of the device by tying the potential of a
field-isolation diffusion, formed under the edge portion

of a strip of field oxide separating a matrix of source
cells from a drain diffusion, to the source potential of

the transistor. This may be achieved by extending a
body region of a peripheral source cell every given
number of peripheral cells facing the strip of field-1sola-
tion structure until it intersects said field-isolation diffu-
sion. By so connecting one peripheral source cell every
given number of cells, the actual decrement of the over-
all channel width of the integrated transistor is negligi-
ble, thus leaving unaltered the electrical characteristics
of the power transistor.

26 Claims, 6 Drawing Sheets
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VDMOS TRANSISTOR WITH IMPROVED
BREAKDOWN CHARACTERISTICS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Italian App’n
M1/92/A /000344, filed Feb. 18, 1992, which is hereby
incorporated by reference.

BACKGROUND AND SUMMARY OF THE
INVENTION

The present invention relates to VDMOS transistors,
and particularly to VDMOS transistors integrated in
so-called mixed-technology (smart-power) devices,
where VDMOS transistors are fabricated together with
CMOS and/or DMOS and/or bipolar transistors, etc.

In making discrete or integrated VDMOS transistors
one of the main problems consists in simultaneously
optimizing the breakdown voltage (which should be as
high as possible) and the ON-resistance of the device
(which should be as low as possible). Particularly in the
case of integrated VDMOS transistors fabricated with a
mixed-technology process (for integrating on the same
chip also CMOS, DMOS and bipolar transistors, etc.),
the output impedance of the VDMOS device assumes a
more critical character than in the case of discrete
VDMOS transistors, because of the additional contribu-
tions to the internal resistance that inevitably are intro-
duced by the necessity for front-side contact. (Typically
deep-drain connection diffusions are used for gathering
the current at the surface of the integrated device.)
FIGS. 1 and 2 show this substantial difference between
a conventional discrete VDMOS structure (FIG. 1) and

a conventional integrated VDMOS structure (FIG. 2).
As is well known in the art, an integrated VDMOS
transistor commonly has an inter-digitated structure, as

obtained by alternating finger-like matrices of source
cells with finger-like drain-connection diffusions (also
referred to as “sinker” diffusions) that reach down in
depth as far as to intersect a buried layer, which acts as
a collector of drain current. Peripheral cells of each
matrx of cells, adjacent to the relative drain-connection
diffusion and separated from the latter by a strip of field
oxide, represent so-called edge portions. It is at the edge
portions, under reverse bias conditions, that the maxi-
mum Intensity of electric field is experienced. There-
fore, these peripheral zones are critical as far as the
breakdown voltage of the drain/source junction
(body/drain) is concerned.

The optimization of the two basic parameters of a
VDMOS transistor depends on the adoption of an edge
configuration apt to achieve a breakdown voltage as
close as possible to the theoretical breakdown voltage
of a planar junction of infinite size, and from appropri-
ately dimensioning and determining the electrical char-
acteristics of the epitaxial layer (1.e. thickness and bulk
resistivity).

A known and widely employed edge configuration
for attaining an acceptably high breakdown voltage of
the body/drain junction of a VDMOS structure 1s char-
acterized by the presence of a biplanar field-plate struc-
ture, commonly of polycrystalline silicon, patterned to
lie on the thin gate oxide layer (having a typical thick-
ness between 50-100 nm) of the edge cells and to extend
over the relatively thick, field-isolation, dielectric layer
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(having a typical thickness of about 1 um), as schemati-
cally shown i1n FIG. 3.

This solution does not impede the operation of the
peripheral cells of each source finger of the interdigi-
tated structure of the VDMOS transistor. However, at
relatively high reverse bias voltages across the body/-
drain junction, an intense electric field still occurs at the
surface of the semiconducting monocrystalline sub-
strate under the transition zone between the thin dielec-
tric gate layer and the relatively thick dielectric field-
isolation layer. Electric field contours are shown in
FIG. 4, as obtained by computer simulation, in proxim-
ity to such a critical edge zone of an integrated
VDMOS structure provided with a biplanar field-plate.

The high electric field intensity that occurs at the
interface between the semiconductor and the dielectric
layers may still be a cause of instability in the break-
down characteristics and makes the structure particu-
larly sensitive to defects and accidental contamination
of the dielectric layers.

Other techniques besides the use of field-plates are
known for reducing the electric field magnitude in the
edge zone. One of these other solutions is schematically
depicted in FIG. 5. This technique contemplates the
formation of a deep edge diffusion (a p+ diffusion in the
example shown) that intersects and extends beyond the

body diffusion (P-body). In practice, as may be easily

observed in FIG. §, the p+ diffusion profile used for
making a p+, body-contact, region is also used for
making this p+ edge diffusion in the peripheral cells.

The increase of the radius of curvature of the diffusion

profile that is so obtained along the edge region, pro-
duces a decrease (for a given voltage) of the electric
field intensity in the curved region of the body/drain

35 junction and therefore an increment of the breakdown
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voltage. However, this solution inhibits the formation
of a secondary channel (i.e. lateral conduction through
the peripheral cells facing the dramn-connection diffu-
sion), and this implies a depression of the electrical
performance of the device, i.e. an increase of the inter-
nal resistance, especially in the case of an integrated
VDMOS structure.

Finally it may be recalled that in the case of mixed-
technology integrated circuits (e.g. in smart-power de-
vices), for increasing the density of the cells of the inte-
grated VDMOS structures, as well as of other compo-
nents integrated in the same chip, the fabrication tech-
nology normally employs process steps derived from
the so-called high-density CMOS processes. In particu-
lar: |

The dielectric field-isolation layer is commonly real-

1zed by a LOCOS T™M technique, rather than by
etch-patterning a thick oxide layer previously
grown over the whole surface.

CMOS structures commonly use field-isolation diffu-

sions (P-field or N-field) under the edge portions of
a thermally grown field oxide, for increasing the
parasific threshold voltage under the dielectric
field-isolation layer, and thus more effectively iso-
lating the CMOS transistors from each other.

Reduced junction depths are normally used, due to

the need for compactness of the high-density
CMOS integrated structures.

Generally, 1n fabricating high-density, mixed-tech-
nology devices, certain geometrical and/or technologi-
cal restraints are encountered that in practice limit or
exclude the possibility of implementing certain optimi-
zation techniques of the integrated structures, in partic-
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ular of VDMOS structures. Notably, this is the price to
pay for making the formation of technologically differ-
ent structures in a single chip mutually compatible.
Particularly in the case of VDMOS transistors, rela-
tively deep, body-contact diffusions are no longer us-

able. Instead, a relatively shallow diffusion, which is

also used for making the source and drain regions of
CMOS transistors, is normally used as a body-contact
region. As a consequence, the technique discussed
above that contemplated the formation of a relatively
deep diffusion along the edge portions of the VDMOS
structure, for increasing the radius of curvature of the
body/drain junction profile (e.g. P-body/n—EPI) and
reducing the electric field intensity at the surface of the
semiconductor in the transition zone between the gate
oxide and the field oxide, is no longer applicable, unless
additional masks and process steps are introduced.

The present invention provides a VDMOS transistor
having a modified edge configuration capable of in-
creasing the breakdown voltage without penalizing the
internal resistance of the device. The invention is partic-
ularly useful for smart power devices.

A new method for significantly increasing the effec-
tiveness of a biplanar field-plate without lowering the
electrical performance characteristics of a VDMOS
transistor 1s advantageously provided by the disclosed
innovations. Notably, the new method of the present
invention does not require the formation of a relatively
deep edge diffusion, and may be implemented also for
integrated VDMOS structures in high-density, mixed-
technology, devices. In these applications, the method
of the invention will not require the use of additional
masks and process steps.

Basically, the invention may be practiced through a
simple modification of a mask or of masks that are nor-
mally used in a standard fabrication process and the
structural modification that is produced does not imply
any substantial alteration of the electrical performance
of the device, though attaining the effect of a marked
increase of the breakdown voltage and of the reliability
of the VDMOS structure.

These effects are obtained by establishing an electri-
cal connection between the source region of a VDMOS
transistor and a field-isolation diffusion, e.g. a P-field
region, purposely formed under the edge of the thick,
dielectric, field-isolation layer that border a matrix of
source cells and that, in the case of an integrated
VDMOS, may separate a matrix of source cells from a
drain-connection (sinker) diffusion. The field-isolation
diffusion may extend under the transition zone between
a relatively thick field oxide layer and a relatively thin
gate oxide layer present on the active area of a periph-
eral source cell, i.e. in the zone that is actually topped
by the biplanar field-plate structure.

It has been found that by providing the VDMOS
structure with such a field-isolation diffusion and by
tying the potential of the field-isolation diffusion to the
source potential of the device, a marked reduction of
the maximum electric field intensity in the curved zone
of the body/drain junction of the device (i.e. the edge
zone) is achieved as well as a sensible increase of the
breakdown voltage. For example, in the case of a
VDMOS formed in an epitaxial layer having a thickness
between 9 and 11 pm and a bulk resistivity between 1.1
and 1.6 {)-cm, the breakdown voltage may be increased
from about 75 V to about 100 V.

According to a preferred embodiment of the inven-
tion, a body diffusion of a peripheral source cell every
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4

given number of peripheral cells of a matrix constituting
a finger of an inter-digitated structure of an integrated
VDMOS transistor is extended until it intersects a field-
1solation diffusion formed under a strip of a field oxide
separating the peripheral source cells from a drain diffu-
sion. The field-isolation diffusion may extend slightly
beyond the geometrical projection of the edge of the
thick field-isolation dielectric layer.

BRIEF DESCRIPTION OF THE DRAWING

The present invention will be described with refer-
ence to the accompanying drawings, which show im-
portant sample embodiments of the invention and
which are incorporated in the specification hereof by
reference, wherein:

FIG. 1is a schematic representation of a discrete type
VDMOS structure, as discussed above.

FIG. 2 is a schematic illustration of an integrated
VDMOS structure, as discussed above.

FIG. 3 1s an enlarged particular of FIG. 2 that puts in
evidence an edge portion of the device.

FIG. 4 1s a diagram, obtained by simulation, of the
contours of electric field magnitude in an edge zone of
a device provided by a biplanar field-plate according to
the prior art.

FIG. § illustrates a known technique for improving
electric field conditions in an edge zone of an integrated
VDMOS transistor. |

FIG. 6 schematically shows an edge zone of a
VDMOS transistor, as modified according to the pres-
ent invention.

FIG. 7 1s a diagram of the electric field contours in an
edge zone modified according to the present invention.

FIG. 8A is a fragmentary, schematic, layout view of
an edge portion of an integrated VDMOS transistor,
made according to the prior art.

FIG. 8B is a fragmentary, schematic, layout view of
an edge portion of an integrated VDMOS transistor,
modified according to a preferred embodiment of the
present mvention.

FI1G. 9 schematically shows a smart-power integrated
circuit structure, in which a VDMOS structure (in
which the innovations described above may advanta-
geously be used) 1s shown side-by-side with a high-den-
sity CMOS device from the same chip.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The numerous innovative teachings of the present
apphication will be described with particular reference
to the presently preferred embodiment. However, it
should be understood that this class of embodiments
provides only a few examples of the many advanta-
geous uses of the innovative teachings herein. In gen-
eral, statements made in the specification of the present
application do not necessarily delimit any of the various
claimed inventions. -Moreover, some statements may
apply to some inventive features but not to others.

A P-body, n-channel, integrated, VDMOS structure,
formed in an n-epitaxial layer, is shown in all the an-
nexed figures. This represents by far the most common
diffused form of this semiconductor device. Therefore,
in the figures and in the description that follows, conse-
quent types of conductivity are indicated for the various
regtons of the semiconductor that are part of the inte-
grated structure of the VDMOS device. Of course, all
the considerations which are made in relation to this
predominant form are substantially valid also for an
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alternative (dual) form of the device, wherein all the
types of conductivity and all polarities are inverted.

The 1mvention is schematically illustrated in FIG. 6
for the case of an integrated VDMOS transistor.

An edge zone, coinciding substantially with a transi-
tion zone between a gate oxide layer 2 present in the
area of a peripheral source cell and a thick, dielectric,
field-isolation, layer 1 that separates a matrix of source
cells from an adjacent drain-connection diffusion 3 (N-
SINKER) of an inter-digitated VDMOS structure, is
customarily topped by a biplanar field-plate structure 4
of polycrystalline silicon, which operatively is at the
gate potential of the VDMOS transistor. The separating
strip 1 may be commonly obtained by thermally grow-
ing a thick oxide (field oxide) layer in defined areas,
according to a LOGOS process.

In order to improve the breakdown characteristics of
the body/drain junction, the structure, further com-
prises a  field-1solation diffusion 5 (P-field), formed
under the edge of the field oxide strip 1. This field-isola-
tion diffusion 5 may be formed by using a technique that
is normally used in CMOS structures for increasing the
parasitic threshold, as referred to the thick dielectric
layer represented by the field oxide 1. The N4 source
region 6 of the peripheral cell, depicted in the figure, 1s
customarily contained within a body region 7 (P-body)
and a P+ body-contact region 8 normally intersects
both the N4 source region 6 as well as the P-body
region 7.

According to a practical embodiment, the different
regions of a VDMOS structure of the invention may
have the following characteristics:

N-EPI (dopant: P); bulk resistivity: 1.35 Q-cm

P-body (7) (dopant: B); sheet resistivity: 1100 /0
P4 body-contact (3) (dopant: B); sheet resistivity: 100 /00
N+ source region (6) (dopant: sheet resistivity: 40 /1)
As);

P-field (5) (dopant: B); sheet resistivity: 4000 Q/L]

An N4 drain-contact region 9 is also shown in the
figure. As schematically indicated by the arrow labelled
“drain-source current”, the peripheral cells of the multi-
cell integrated structure of the VDMOS transistor may
usefully contribute to the conduction of the drain-
source current across the channel region of the periph-
eral cells. The field-plate structure 4 constitutes also a
gate electrode of these peripheral cells.

In the schematic showing of FIG. 6, it may be seen
that the profile of the body diffusion 7 (P-body) is rela-
tively shallow, as this permits to obtain relatively short
DMOS channels for improving the performance in
terms of a lower internal resistance (Royn) and of maxi-
mum current that may be driven by the power device.
Moreover such a condition of relatively shallow diffu-
sions i1s very often inevitable as in the case of mixed-
technology integrated circuits where beside VDMOS
structures also other structures (CMOS, low-leakage
diodes etc.) must be integrated.

Also, 1n these critical design conditions of VDMOS
transistors, concerning a radius of curvature of the junc-
tions that is inevitably small because of the relative
shallowness of the diffusions, the present invention
allows a significant increase of the breakdown voltage
of the body/drain junction, by connecting the field-iso-
lation diffusion 5 (P-field) purposely realized under-
neath the edge portion of the field oxide strip 1, over
which the polysilicon field-plate 4 lies, to the source
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region of the transistor, i.e. by tying the potential of the
field-isolation region 5 to the source potential of the
transistor. In FIG. 6, such an arrangement is schemati-
cally depicted by a wire connecting the source terminal
(SOURCE) to the P-field region 5.

In FIG. 6, the edge of the field plate 1s shown approx-
imately coincident with the edge of the diffusion 5. It 1s
mildly preferable that these regions coincide or overlap,
but this is NOT necessary to use of the disclosed inven-
tions.

A practical embodiment of such an electrical connec-
tion is also shown in the cross-sectional view of FIG. 6
by indicating with a dashed line 10 the profile of a pro-
jection of the body region 7 (P-body) of a peripheral
cell that is purposely extended until it intersects the
P-field region 5 thus establishing such an electrical con-
nection. The extension of the body region may be 1m-
plemented locally in one or in a plurality of points,
spaced along the edge of the integrated structure. In this
way only a limited number of peripheral cells are so
affected and the consequent reduction of the channel
width (perimeter) of the transistor is negligible. A por-
tion of the drain/source current of the integrated
VDMOS transistor may continue to pass also through
all the other peripheral cells whose body diffusion 7 1s
not extended laterally to intersect the field-isolation
region 3.

The contours of electric field magnitude, as obtained
by simulation, in proximity of the critical edge zone of
an integrated VDMOS structure provided with a bipla-
nar field-plate and modified according to the present
invention, are shown in FIG. 7. As may be easily ob-
served by comparing the electric field contours of FIG.
7 with those of FIG. 4, relative to a comparable edge
structure without a field-1solation diffusion connected
to the source potential of the transistor, a marked reduc-
tion of the intensity of electric field in this critical re-
gion for the structure of the invention is evident: In
F1G. 4, the highest electric field magnitude shown 1s
approximately 5-10° V/cm. (SE5 V/cm); but in FIG. 7,
the highest electric field magnitude shown is approxi-

~ mately 3.3-10° V/era (3.3E5 V/cm).
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A very advantageous way of implementing the inven-
tion, 1.e. of establishing an electrical connection be-
tween the source region of the transistor and a field-1so-
lation diffusion formed under the edge portion of the
field oxide, 1s illustrated in the layout of FIG. 8B. For
comparison purposes the layout of a similar structure
made according to the prior art is reproduced m FIG.
8A.

The two FIGS. 8A and 8B schematically represent a
fragment of the layout (i.e. of the profiles of some of the
masks used for implanting dopants and for patterning a
gate polysilicon layer) of an integrated VIDMOS struc-
ture. In the two fragmentary plan views of an edge
region of the layout of an integrated VDMOS structure,
the cross-hatched area, labelled POLY, represents the
area that is covered by a patterned conducting layer of
doped polycrystalline silicon, constituting a gate struc-
ture of the transistor and forming also a biplanar field-
plate structure in the portion that overlaps a field oxide
layer. The border between the field oxide that separates
an active (source) area from a drain diffusion (not
shown in the figures) is identtfied in both FIGS. 8A and
8B by the vertical solid line labelled ACTIVE AREA.
The insular areas without shading represent as many
source cells of a matrix of cells that may be intermeshed
with a dram-connection diffusion eventually formed
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along the right-hand side of the figures at a certain
distance therefrom (not shown in FIGS. 8A and 8B).

The N+ source diffusions (6) are identified by the
areas S without cross-hatching. An inner region Ss
defined by masking within each source area is implanted
with a dopant (e.g. B) for making P+, source-contact,
diffusions (8).

The densely hatched vertical strip, labelled P-field, in
FIG. 8 represents the area that is implanted with boron
for producing a P-field isolation diffusion 5 in proximity
of the edge of the field oxide structure

According to a preferred embodiment of the inven-
tion, the electrical connection between the field-isola-
tion diffusion (P-field 5) and the source region is made
by establishing one or more connections between the
field-isolation diffusion S and the body diffusion of one
or more peripheral source cells adjacent thereto, of a
matnx of source cells. This may be easily achieved by
suitably modifying the mask used for defining the poly-
crystalline silicon layer (POLY) (i.e. the cross-hatched
area) so that for a peripheral source cell every given
number of cells the polysilicon layer is backed-off suffi-
ciently to leave essentially exposed a portion of the edge
of the field-isolation structure (i.e. the field oxide) as
shown in FIG. 8B. In this way, the implantation of the
dopant for forming the body region 7 of the device, and
the subsequent lateral diffusion of the dopant make the
body region 7 extend locally as far as the edge of the
field oxide and eventually also underneath the edge of
the field oxide (zone 10 of FIG. 6). In this way an inter-
section between: the field-isolation diffusion 5 (P-field)
and the local projection 10 of the P-body diffusion is
positively established. An electrical connection is thus
established between the field-isolation diffusion and the
source region of the device.

For example, a connection between a P-field diffu-
sion and the source region of the transistor may be
established every eight peripheral source cells of each
matrix and this. may imply a decrement of the overall
channel width corresponding to about 0.5%, i.e. an
essentially negligible reduction of the overall channel
width of the transistor that in practice has no effect on
the internal resistance of the integrated VDMOS tran-
sistor.

Of course, similar spaced connections between a
field-1solation diffusion and the source region of the
transistor may be established along each finger of an
inter-digitated, integrated structure of a VDMOS tran-
siStor.

The fraction of cells, along the edge of the source
matrix, which would typically have their body diffu-
sions extended is normally 1 in 8 or 1 in 10, as presently
used, but of course this fraction may be readily varied.

P-body .5to 2 pm;
P-field 1.5t02 um;
N+ 04 pum;
P+ 0.6 um.

Again, 1t must be noted that these quantitative data are
merely 1llustrative, and do not delimit the claimed in-
ventions.

Note that the channel-stop diffusion §, in FIG. 6, is
not self-aligned to the field oxide 1. This is normally
implemented, in a smart-power process, by using a pho-
tomask step after the locos nitride has been etched.
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FIG. 9 schematically shows a smart-power integrated
circuit structure, in which a VDMOS structure (in
which the mnnovations described above may advanta-
geously be used) is shown side-by-side with a high-den-
sity CMOS device from the same chip.

Of course, substantial process integration is used in a
smart-power device. The gate of the VDMOS device 1s
preferably provided by the same polysilicon layer
which provides the gates of the high-density CMOS
devices. However, note that the P-body, P-well, and
P-field diffusions are all separate, in the presently pre-
ferred embodiment.

Further Modifications and Variations

It will be recognized by those skilled in the art that
the innovative concepts disclosed in the present applica-
tion can be applied in a wide variety of contexts. More-
over, the preferred implementation can be modified in a
tremendous variety of ways. Accordingly, it should be
understood that the modifications and variations sug-
gested below and above are merely illustrative. These
examples may help to show some of the scope of the
iventive concepts, but these examples do not nearly
exhaust the full scope of vanations in the disclosed
novel concepts.

As will be recognized by those skilled in the art, the
innovative concepts described in the present application
can be modified and varied over a tremendous range of
applications, and accordingly the scope of patented
subject matter is not limited by any of the specific exem-
plary teachings given.

What is claimed is:

1. A smart-power integrated circuit, comprising:

a plurality of CMOS devices, including:

source/drain diffusions of first and second conduc-
tivity types;

one or more well diffusions of a first conductivity
type, each enclosing at least two said source/-
drain diffusions of said second conductivity type;

one or more power devices, formed in a common

substrate with said CMOS devices, and each com-
prising:

at least one matrix of source cells, each comprising
a source diffusion, a body region substantially
enclosinig and having a conductivity type oppo-
site to that of said source diffusion, and a gate
capacitively coupled to a surface edge of said
source diffusion:

a drain diffusion having the same conductivity type
as said source diffusion, and underlying said
source and body regions, and being separated
therefrom by a drift region having the same con-
ductivity type as said drain diffusion;

a field-isolation dielectric layer alongside said ma-
trix; and

a field-plate structure overlying an edge portion of
said field-isolation dielectric layer facing periph-
eral ones of said matrix of source cells:

a field-isolation diffusion, having the same conduc-
tivity type as said body regions, lying under said
field-isolation dielectric layer, along the edge
thereof facing said peripheral cells;

wherein said field-isolation diffusion is electrically
connected to said body region of at least some
ones of said cells of said source matrix.

2. The integrated circuit of claim 1, wherein said
field-isolation dielectric consists essentially of silicon
dioxide.
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3. The integrated circuit of claim 1, wherein said
source diffusions of said source cells are N-type.

4. The integrated circuit of claim 1, wherein said
field-plate structure consists of an insulated thin-film
layer of polycrystalline silicon.

5. A microelectronic power device structure, com-
prising:

at least one matrix of source cells at a first surface of

a monolithic semiconductor chip, each comprising

a source diffusion, a body region substantially en- 10

closing and having a conductivity type which is
oppositte to that of said source diffusion, and a gate

capacitively coupled to a surface edge of said
source diffusion;

a field-isolation dielectric layer alongside said matrix; 15

and

a field-plate structure overlying an edge portion of
said field-isolation dielectric layer facing periph-
eral ones of said matrix of source cells;

a field-1solation diffusion, having the same conductiv- 20

ity type as said body regions, lying under said field-
1isolation dielectric layer, along the edge thereof
facing said peripheral cells;

an electrical connection between said field-1solation
diffusion and a source region of the transistor; and

a drain region, of the same conductivity type as said
source region, and electrically connected to a sec-
ond surface of said monolithic semiconductor chip,
opposite said first surface.

6. The device of claim 5, wherein said field-isolation

dielectric consists essentially of silicon dioxide.

7. The device of claim 5, wherein said source diffu-
sions of said source cells are N-type.

8. The device of claim 5, wherein said field-plate
structure consists of an insulated thin-film layer of poly-
crystalline silicon.

9. A VDMOS transistor comprising:

at least one matrix of source cells, each comprising a
source diffusion, a body region substantially en-
closing and having a conductivity type which is
opposite to that of said source diffusion, and a gate
capacitively coupled to a surface edge of said
source diffusion;

a drain diffusion having the same conductivity type as
said source diffusion, and underlying said source
and body regions, and being separated therefrom
by a drift region having the same conductivity type
as said drain diffusion;

a field-isolation dielectric layer alongside said matrix;
and

a field-plate structure overlying an edge portion of
said field-isolation layer facing peripheral ones of
said matrix of source cells;

a field-isolation diffusion, having the same conductiv-
ity type as said body region, lying under said field-
isolation dielectric layer, along the edge thereof
facing said penipheral cells;

an electrical connection between said field-1solation
diffusion and a source region of the transistor.

10. A VDMOS transistor as defined in claim 9, 60

wherein said electrical connection is constituted by a
lateral extension of said body region of at least one of
said peripheral cells that intersects said field-isolation
diffusion.

11. A VDMOS transistor as defined in claim 9, in-
cluding a plurality of said matrices of source cells alter-
nated with drain-connection diffusions; said matrices
and said drain-connection diffusions being separated by
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a strip of said dielectric field-isolation layer to form an
inter-digitated structure.

12. A VDMOS transistor as defined in claim 9,
wherein said source region is n-type, and said body
region is P-type, and wherein said body region overlies
an N-type epitaxial layer.

13. A VDMOS transistor as defined i claim 12,
wherein said P-type body region of at least a peripheral
source cell facing the edge of said dielectric field-isola-
tion layer overlying a P-field isolation diffusion, extends
as far as intersecting said P-field isolation diffusion for
establishing said electrical connection.

14. An integrated VDMOS transistor comprising:

at least one matrix of source cells, each including a
respective source region and a respectiive body
region substantially enclosing and having a con-
ductivity type which is opposite to that of said
source diffusion, in a continuous monocrystalline
layer;

a drain-connection diffusion; and

a first buried layer portion, lying beneath and having
the same conductivity type as said source difiu-
sions, and ohmically connected to said drain-con-
nection diffusion;

a field-isolation diffusion, having a second conductiv-
ity type, and lying under a strip of a field-isolation
dielectric layer separating said matrix of cells from
said drain-connection diffusion; and

a biplanar field-plate overlaying an edge portion of
said field-isolation dielectric layer facing periph-
eral cells of said matrix,

and wherein said field-isolation diffusion under said
edge portion of the field-isolation dielectric layer,
topped by said field-plate, 1s electrically connected
to a source region of the transistor through a pro-
jection of a body region of at least one of said
peripheral source cells of said matrix extending
toward the edge of said field-isolation dielectric
layer and intersecting said field-isolation diffusion
present under the edge of said field-1solation layer.

15. The integrated circuit of claim 1, wherein said

CMOS circuits are electrically interconnected with said
power devices.

16. The integrated circuit of claim 1, wherein said

drain diffusion is ohmically connected to frontside
contacts to provide a drain contact for said power de-
viCes.
- 17. The integrated circuit of claim 1, wherein said
source diffusions are located at a first surface of a mono-
lithic semiconductor chip, and said drain diffusion 1s
located at a backside surface of said chip, opposite said
first surface.

18. The integrated circuit of claim 1, wherein a first
portion of a buried layer, having the same conductivity
type as said source diffusions of said power devices, lies
beneath said source diffusions of said power devices to
provide said drain diffusion, and is ohmically connected
to frontside contacts to provide a drain contact for said
power devices; and a second portion of said buried
layer, which is not continuous with said first portion,
lies beneath at least some ones of said well diffusions.

19. The integrated circuit of claim 1, wherein said
source region 1s n-type, and said body region is P-type,
and wherein said body region overlies an N-type epitax-
1al layer. |

20. The integrated circuit of claim 1, wherein said
electrical connection is constituted by a lateral exten-
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sion of said body region of at least one of said peripheral
cells to intersect said field-isolation diffusion.
21. The device structure of claim 5, wherein said

source region is n-type, and said body region is P-type,

and wherein said body region overlies an N-type epitax-
1al layer.

22. The device structure of claim 5, wherein said
electrical connection is constituted by a lateral exten-

S

12

23. The transistor of claim 14, wherein said field-plate
structure consists of an insulated thin-film layer of poly-
crystalline silicon.

24. The transistor of claim 14, wherein said field-iso-
lation dielectric consists essentially of silicon dioxide.

25. The transistor of claim 14, wherein said source
diffusions of said source cells are N-type.

26. The transistor of claim 14, further comprising
CMOS circuits located in a common monolithic body

sion of said body region of at least one of said peripheral 10 and electrically interconnected with said source cells.

cells to intersect said field-isolation diffusion.
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